RECENT studies of carcinoembryonic antigen (CEA) have demonstrated that the putatively pure preparations of CEA were not homogeneous. Rule and Goleski-Reilly (1973), by the isoelectric focusing of saline extracts of tumour materials, detected 6 major and 6 minor CEA reactive peaks between pH 2 0 and 9 0. Coligan et al. (1973) demonstrated by isoelectric focusing and ion exchange chromatographic studies that their CEA preparations were heterogeneous. Although the preparations were immunochemically similar, variations were observed in sialic acid, amino sugar and amino acid content. Rogers, Searle and Bagshawe (1974) , using affinity chromatography on concanavalin-A-Sepharose, obtained 3 CEA variants which had 2 immunologically related fractions. Eveleigh (1974) obtained CEA preparations from a saline extract of a colon tumour tissue by affinity chromatography on an anti-CEA-antibody-Sepharose column and by DEAE cellulose chromatography. Eight different peaks were detected and 6 were characterized as CEA. These CEA variants were found to be immunologically identical and had similar molecular weights, as determined by analytical ultracentrifugation, but they differed in their overall ionic charge and amino acid composition. The purpose of this study was to prepare antisera against each of the 6 fractions (Ia, Jb, II, III, Accepte(d 28 November 1975 IVa and IVb) for immunochemical studies of the CEA variants.
RECENT studies of carcinoembryonic antigen (CEA) have demonstrated that the putatively pure preparations of CEA were not homogeneous. Rule and Goleski-Reilly (1973) , by the isoelectric focusing of saline extracts of tumour materials, detected 6 major and 6 minor CEA reactive peaks between pH 2 0 and 9 0. Coligan et al. (1973) demonstrated by isoelectric focusing and ion exchange chromatographic studies that their CEA preparations were heterogeneous. Although the preparations were immunochemically similar, variations were observed in sialic acid, amino sugar and amino acid content. Rogers, Searle and Bagshawe (1974) , using affinity chromatography on concanavalin-A-Sepharose, obtained 3 CEA variants which had 2 immunologically related fractions. Eveleigh (1974) obtained CEA preparations from a saline extract of a colon tumour tissue by affinity chromatography on an anti-CEA-antibody-Sepharose column and by DEAE cellulose chromatography. Eight different peaks were detected and 6 were characterized as CEA. These CEA variants were found to be immunologically identical and had similar molecular weights, as determined by analytical ultracentrifugation, but they differed in their overall ionic charge and amino acid composition. The purpose of this study was to prepare antisera against each of the 6 fractions (Ia, Jb, II, III, Accepte(d 28 November 1975 IVa and IVb) for immunochemical studies of the CEA variants.
MATERIALS AND METHODS
CEA preparation.-The CEA preparations were obtained from a colon tumour according to the method of Eveleigh (1974) . In brief, the CEA was extracted with saline from a homogenate of tumour material. The CEA was isolated from the extract by chromatography on Sepharose 4B which had been covalently linked with the IgG fraction of anti-CEA obtained from Hoffmann-LaRoche, Nutley, N.J. (Dr H. J. Hansen) and City of Hope National Medical Center, Duarte, Ca. (Dr M. Egan). The CEA material was further fractionated by chromatography on DEAE cellulose with a stepwise salt elution.
Immunization.-Each of 6 female New Zealand white rabbits was injected with one of the CEA fractions (Ia, Ib, II, III, IVa and lVb). Each rabbit was immunized by the subcutaneous route with 100 ,ug protein in Freund's complete adjuvant, followed by boosters every 28 days of 100 ,tg protein in Freund's incomplete adjuvant. The rabbits were bled 7 days after each booster injection.
Immunoelectrophoresis. -Immunoelectrophoresis was performed in agarose (Analytical Chemists Inc., Palo Alto, Ca) with 0 075 mol/l sodium barbital buffer, pH 8-6. The precipitin bands were stained with amido schwartz stain in 10% acetic acid. (1973) . The IgG fraction of each anti-CEA serum was prepared by DEAE cellulose chromatography. Sepharose 4B (10 ml of settled beads) was washed with 11 distilled wAater. Then the beads were suspended in 10 ml cold potassium phosphate buffer, 5 mol/l, pH 11-9, and diluted with distilled water to a final volume of 20 ml. Freshly dissolved cyanogen bromide (400 mg in 4 ml) was added in portions. The mixture was stirred gently in an ice bath for 10 min. The beads were washed wAith 500 ml cold distilled water, then with 250 ml cold sodium bicarbonate buffer (SB buffer) 0-25 mol/l, pH 9 0. The cyanogen bromide-activated Sepharose beads were mixed with 40 mg anti-CEA IgG in SB buffer. The reaction mixture, which had a final volume of 25 ml, was placed in a bottle which was rotated end over end at room temperature for 24 h. The conjugated beads were poured into a column and washed with 41 SB buffer, 50 ml 3 mol/l ammonium thiocyanate, pH 7 0, and finally equilibrated with 0 05 mol/l sodium phosphate, 0 15 mol/l NaCl, pH 7 0 (PBS). Anti-CEA titre The titre of the anti-CEA of each of the rabbits immunized with the 6 CEA fractions was determined by haemagglutination. Anti-CEA antibodies were detected in the sera of each rabbit 7 days after the first boosting injection of the CEA variant emulsified in Freund's incomplete adjuvant. In all rabbits except one, the anti-CEA titre increased with the second booster injection. Because of the limited supply of CEA, the rabbits were boosted only twice, but bled at monthly intervals. In 5 of the 6 rabbits, a drop in the anti-CEA titre wvas observed 60 days after the last booster injection. To determine whether any of the anti-CEA sera had unique specificity to its corresponding CEA, the haemagglutination titre of the anti-CEAs was determined with erythrocytes sensitized with each CEA. The results are shown in It was previously reported that CEA and NCA share a common antigenic determinant (von Kleist et al., 1972; Mach and Pusztaszeri, 1972; Turberville et al., 1973; Darcy, Turberville and James, 1973; Burtin et al., 1973) . On the other hand, it was demonstrated that CEA had a unique antigenic determinant Tomita, Safford & Hirata, 1974) , as well as NCA Burtin et al., 1973) . Because there are several variants of CEA, it is possible that the NCA determinant can be expressed more strongly by some CEA variants than others. It should be possible to prepare anti-CEA serum with high CEA specificity by choosing the variant which has little to no NCA activity. However, anti-CEA directed specifically against the colorectal tumourspecific determinant would be most desirois.
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The affinity chromatographic studies with anti-CEA IgG-Sepharose suggested that the variants did elicit antibodies with differing affinities for CEA. The affinity chromatographic technique is a convenient method by which the antibody specificity could be tested. In deciding which antiserum preparation-is to be used for the immunoassay of CEA, this affinity chromatographic method described here would be an important means of ensuring that the antisera preparations had high specificity and affinity for CEA. In this study, it was found that 2 of the variants elicited anti-CEA with high affinity for CEA, in comparison with the other 2 variants. Studies are in progress to determine whether these sera have higher specificity for CEA in colorectal cancer patients.
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